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Title (as stated in English) : 

Absorbable composition containing propionic bacteria 
capable of releasing nitric oxide in the human or 
animal alimentary canal. 

Abstract : (See English Abstract provided.) . 
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[Specification] : 

The invention relates to a current feeding composition or an 
absorbable dietetic or medicinal composition comprised of propionic 
bacteria capable of releasing physiologically significant amounts of 
nitric oxide in a human or animal alimentary canal. 

For many decades there was complete neglect of the fact that 
nitric oxide [(NO)] is one of the elements necessary for life and 
the maintenance of life; accordingly, until the past 4 or 5 years 
researchers did not direct their efforts toward the benefits 
associated with the presence of this oxide, in medicine, in 
nutrition, and in physiology. 

It is only recently that an impressive number of physiological 
functions have been attributed to nitric oxide and that the 
hypothesis has been expressed that the gas may be a prime 
participant in functions as diverse as control of arterial pressure, 
the nonspecific cytotoxic function of macrophages, the aggregation 
of platelets, and neurotransmission; also, the control of mobility 
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in the alimentary canal. 

With this hypothesis as a basis, research relating to nitric 
oxide has expanded greatly, and the importance of the gas has been 
confirmed. 

It is known that nitric oxide, which is a very unstable gas 
(half life less than 5 seconds in biological systems) , is a product 
of interior biosynthesis in human and animal organisms, originating 
from L-arginine, with the aid of a group of enzymes called NO- 
synthases (NOS) . There are two principal types of NOSs. The first 
comprises the constituent NOSs which are expressed particularly in 
the endothelial cells, blood platelets, and neurons. The second type 
comprises inducible NOSs, which are expressed principally by certain 
cells of the immune system (particularly macrophages and 
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polynuclear cells) , by smooth vascular muscle cells, and endothelial 
cells [ (evidently NOSs of both types are associated with endothelial 
cells) ] . 

It should be noted that production of NO by the inducible NOSs 
is a number of orders of magnitude greater than that by the 
constituent NOSs; but in all cases the production is somewhat small. 

In view of the abovementioned beneficial role of nitric oxide, 
it would be desirable to increase its production, particularly by 
using the natural means of metabolism in the alimentary canal. 

Until the present, no means of accomplishing this result have 
been proposed. 

The object of the present invention is to remedy this 
situation . 

According to the invention, the stated object can be achieved 
by recognizing that, surprisingly, bacteria of a particular type, 
the "propionic bacteria", are capable of producing nitric oxide, and 
that among these bacteria certain species and certain strains within 
these species are capable of producing large quantities of nitric 
oxide . 

The bacteria of concern here are propionic bacteria which are 
not present in the group of lactic bacteria or bifidobacteria which 
are classically introduced into the organism by lacteal desserts or 
other fermented dairy products, but which have been present in human 
food for centuries. They are essentially propionic bacteria which 
enable one to obtain the holes in emmentaler or Swiss cheese during 
cheese production; these cheeses contain about 10(exp)9 cells/gram 
of propionic bacteria, when the maturation of the cheese is 
complete . 
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It should be noted that the fermentation of these bacteria 
produces, inter alia, propanoic acid (also known as "propionic 
acid"), acetic acid, and carbon dioxide. 

The abovementioned discovery is the more surprising in that one 
can verify that lactic bacteria, bifidobacteria, and/or yeasts, as 
used currently in the food and feed domain, do not produce nitric 
oxide. 
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Accordingly, the invention relates to the use of propionic 
bacteria to obtain a current feeding composition or an absorbable 
dietetic or medicinal composition capable of releasing 
physiologically significant amounts of nitric oxide in a human or 
animal alimentary canal. 

According to the invention, this composition may be comprised 
of a preparation which is prepared and/or present, in the liquid 
form (particularly a fermented liquid) , in a dehydrated form, or in 
an intermediate state of hydration. 

More precisely, it should be noted that, without departing from 
the scope of the invention, the composition may comprise: 

— a specific preparation justified by a solely physiological 
purpose, namely ingestion of propionic bacteria capable of producing 
physiologically significant quantities of nitric oxide; 

— a food or feed preparation which is a prepared foodstuff which 
also has another purpose which is strictly energetic or functional. 

In the latter case, the propionic bacteria may be added to or 
incorporated in food or feed, e.g.: cheese, food fibers such as 
cereal flakes, or fermented milks, dessert creams, cakes, or 
•beneficial beverages. 

According to the invention, the propionic bacteria may be 
introduced in the form of biomass or a yeast or ferment which can 
multiply in situ. 

When dehydrated, the composition is present, advantageously, in 
the form of individual fractions which contain the dose of bacteria 
intended to be regularly absorbed. 

These factions can be directly ingested or can be first diluted 
in a liquid. They may be prepared in a form facilitating 
absorption; e.g., as a compressed tablet, a sachet containing 
granulated powder, a liquid, etc. 
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It has been verified that when such dehydrated concentrated 
preparations of propionic bacteria are stored for 1 year at + 4 EC 
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they experience a loss in concentration [of viable bacteria] of less 
than 1 power of 10. 

Experience has shown that capsules or gelcaps (which may or may 
not be gastroresistant) represent a form of administration which is 
advantageous . 

According to another feature of the invention, each individual 
fraction contains a large number of bacteria, preferably more than 
10 (exp) 9 bacteria. 

Various experiments (summarized hereinbelow) have permitted 
verification of the particular aptitude of various strains of 
propionic bacteria for producing NO in the course of being cultured; 
this [verification] was first indirect via measurement of nitrite 
ions (N02), and then direct by mass spectrometric analysis in an 
anaerobic environment . 

During the course of these experiments, during a first phase 
there was studied the concentration of nitrites in media rich in 
arginine and having very low concentrations of nitrates (50 
micromolar), and it was reported that arginine is not a determining 
factor in determining the production of NO observed. 

During a second phase [of the research] , experiments were 
carried out with media which were supplemented with nitrates. The 
results showed that the nitrate character depends on the production 
of nitric oxide. [Translator's note: sic] 

1. Preliminary comparative tests : 

Various strains of bacteria (yogurt inoculum, bifidobacteria, 
and lactobacillus) were cultivated in the presence of reconstituted 
milk (100 mL) supplemented by a yeast extract (10 g/L) , followed by 

incubation at 37 EC. 

The accumulation of the nitrite was measured over time. 

These preliminary tests were carried out under the following 
conditions : 

— incubation 0, 4, 7, or 10 hours, at 37 EC; 

— 3 repetitions; 
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— dosage of the nitrites by the Bran-Luebbe system; 

Due to the nature of the extracts to be analyzed, the samples 
were subjected to a purification process comprising double 
centrifugation (2 x 10 min, 4 EC, 15,000 rpm) followed by 
ultrafiltration through a Miniprep 10 cartridge (retention of 
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proteins of MW > 10 kD) , and then partial purification by passage of 
the sample through Waters C18 resin (55-105 micron) . 

At an early stage this method was tested with standard nitrite 
samples (Fig. 1), and then with extracts of Lactobacillus culture 
incubated 7 hr to which there was added (or not) a known quantity of 
nitrite (Fig. 2) . 

Fig. 1 shows the colorimetric profile obtained in an automatic 
Bran Luebbe chain of analysis: 

(1) of a bifidobacteria culture medium after 10 hr incubation 
[ (temperature not stated) ] ; 

(2) of a standard nitrite solution; 

(3) of the same solution after ultrafiltration; 

(4) of the same solution [(2) supra], after ultrafiltration and 
passage through C18 resin. 

Fig. 2 shows the colorimetric profile obtained in an automatic 
Bran Luebbe chain of analysis: 

(1) of a Lactobacillus culture after 10 hr incubation at 37 EC; 

(2) (3) of a standard solution containing 410 microgram nitrite 
per liter; 

(4) (5) of a culture medium of Lactobacillus after 10 hr 
incubation at 37 EC, to which there has been added a known quantity 
of nitrite to obtain a solution containing nitrite 820 microgram/L. 

These samples were purified by centrif ugation, ultrafiltration, 
and passage through C18 resin, under the conditions described supra. 

In these tests, no accumulation of nitrite was detected from 
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the yogurt inoculum, the bifidobacteria, or the Lactobacillus, at 
any of the incubation times (0, 4, 7, or 10 hr) . 

2_ Demonstration of the accumulation of nitrite by cultures 

of propionic bacteria : 

Preliminarily, the possible presence of nitrate or nitrite in 
the preparation of YEL medium was investigated, by colorimetric 
dosage (Boehringer kit [lit., "Boerhinger" ] ) . It was found that 
there was a non-negligible amount of nitrate in this medium 
(concentration on the order of 50-100 micromolar) , which may be a 
result of the yeast extract used in producing that medium. However, 
it was verified that the YEL medium [used] was completely free of 
nitrite. 

Cultures of propionic bacteria (1 g lyophilizate per 100 mL of 
YEL medium) were tested. 

These tests were carried out under the following conditions: 
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— incubation at 30 EC, for 24, 48, or 72 hours; 

— 3 repetitions, for the 24 hr incubation; 

— termination of the incubation by boiling [sic] ; 

— purification of the product by centrif ugation and passage of 
the extract through C18 resin; 

— [selective?] dosage of nitrites into the medium, for analysis 
in a Bran-Luebbe system. 

The dosage of the nitrites accumulated by the propionic 
bacteria was carried out to establish the kinetics of accumulation 
of nitrites as a function of time of incubation of the bacteria in 
the YEL medium. 

Fig. 3 represents the variations of the quantity of nitrite 
produced (units of microgram/100 mL culture) as a function of the 
time of incubation (hr) (square points 0) ; and also the variations 
of the turbidity (absorbance at lambda = 650 nm) , also as a function 
of time of incubation (circular points V) • 
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This Figure shows that the quantity of nitrite is maximum at 24 
hr, then decreases significantly thereafter at 48 and 72 hr of 
incubation. 

One may reasonably hypothesize that this decrease results from 
the reduction of nitrite to NO, N20, or other compounds, by nitrite 
reductase . 

According to the invention, one can show that the accumulation 
of N02 [(nitrite)] depends on the species or strains of propionic 
bacteria employed. 

This situation has been verified by the tests summarized below: 
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3. Demonstration and comparison of accumulation of nitrite 
in the culture medium, in the case of 9 strains and 4 
different species of propionic bacteria : 

In this test there were studied the strains P20, P23, 2408, 
2410, 2500, and 2501 of the species P. freudenreichii and the 
strains TL221, TL223, and TL207 of the respective species 
P. thoenii, P acidopropionicii, and P. jensenii. 

It should be noted that the strains denominated "TL" (dairy 
technology) belong to INRA-LRTL, while the strain P23 (or ITG23) has 
been registered in the National Collection of Cultures of 
Microorganisms (CNCM) , of the Pasteur Institute, under the number 
1-1804, with date Dec 18, 1996. 

The different strains of propionic bacteria (1 g lyophilizate 
or 5 mL fresh culture) were cultivated in 100 mL of YEL mdium 
containing around 50 micromolar nitrate, under the following 
conditions : 

— incubation 12, 24, 36, or 48 hr, at 30 EC; 

— 3 repetitions; 

— termination of incubation by boiling; 

— purification of the product by centrif ugation and passage of 
the extract through C18 resin; 

— accumulation of nitrite in the medium, measured by analysis in 

a Bran-Luebbe system; 
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— estimation of the fermentation of each culture, measured by 
reading the absorbance at 650 nm. 

The results obtained for each layer are presented together in 
Fig. 4: 

In each case there are shown the variations in accumulation of 
nitrite (square points 0) and the turbidity of the culture medium 
(circular points V), as a function of the duration of incubation. 
Each value corresponds to the mean, V the standard deviation of the 
mean, for n = 3. 

It might be noted that the scale of accumulation of nitrite is 
25 times greater than in the case of strains P23 and TL233. 

These results show that the bacterial growth estimated based on 
the development of turbidity in the culture medium is closely 
distributed, for all the strains studied, attaining 2 to 2 5 DO 
after 48 hr incubation -- except for strain TL221, for which the 
turbidity reaches only 0 . 6 DO after 2 days. 

On the other hand, there are very significant differences in 
the accumulation of nitrite as a function of time. 
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Strains 2500, 2408, P20, 2501, 2410, TL207, and TL221 
accumulate a relatively small amount of nitrite, the maximum (0.1 
microgram nitrite (N02") /mL) being attained after 36, 12, 36, 12, 12, 
24, and 24 hr incubation, respectively. 

In contrast, much greater accumulation of nitrite was obtained 
with strains P23 and TL 223, with which a maximum 1.8 microgram N02" 
/mL was accumulated after 36 and 24 hr incubation, respectively. 

It should be noted that the strain of propionic bacteria 
analyzed in the second abovementioned test (Fig. 2) had_ an 
intermediate position, with maximum accumulation of N02" being about 
0.5 microgram/mL. 

These tests thus allow one to conclude that there are 
significant differences between the amounts of nitrite which can be 
produced by different strains of propionic bacteria of four 
different species, 
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these differences being independent from the mere growth of these 
strains . 

These results have been confirmed by the study for each strain 
of the course of the nitrite concentration in the culture medium as 
a function of the turbidity of the medium (said turbidity serving as 
an approximation of the bacterial growth) . 

The results of the latter tests are presented in Fig. 5, in 
which each value corresponds to the mean, V the standard deviation 
of the mean, for n = 3. 

The abovementioned tests are such as to have established that, 
among the strains studied, strain TL223 is the strongest accumulator 
of nitrites, [but] wherewith the nitrites disappear after 12 hr. 
Accordingly, this strain was retained for complementary tests 
involving direct measurement of the production of nitric oxide by 
mass spectrometric analysis in anaerobic medium. 

4. Preliminary measurement of production o f NO by the 
strain TL223, in a helium atmosphere : 

In this test, the cultures were carried out in 10 mL tubes 
containing 5 mL YEL medium with about 5 micromolar nitrate and 0.25 
mL fresh culture of TL223 strain. 

The atmosphere of the tubes was immediately purged with a 100 
second flow of helium (at 100 mL/min) . 

Then the accumulation of NO in the atmosphere of the tubes was 
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measured versus time, under the following conditions: 

— incubation 24, 36, or 48 hr, at 30 EC; 

— 4 repetitions; 

— measurement of the accumulation of NO by mass spectrometric 

analysis; , . 

—estimation of the fermentation of each culture, measured by 

reading the absorbance at 650 nm. 

In a preliminary test, the gas purification system ("Roboprep 
G+") and mass spectrometer system 
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(Twenty-Twenty) were calibrated with increasing amounts of nitric 
oxide . 

This gas [ (the standard NO) ] was generated from NaN02 in the 
presence of a solution of KI and H2S04 . 

The identification and quantification of the nitric oxide were 
accomplished via the mass (30 for 14 N 16 0, and 31 for N 0 and N 0) . 
This identification was further confirmed by measuring the isotopic 
ratio 31/30 = ( 15 N 16 0 + 14 N 17 0) / 14 N 16 0. It should be noted that the 
theoretical isotopic ratio 31/30 for NO is 0.00367 in the absence of 
contamination by 0. 

The results of the preliminary test are presented in Fig. 6, 
where the left part (A) corresponds to the calibration curve of the 
mass spectrometer used for quantifying the nitric oxide, and the 
right part (B) corresponds to the measurement of the isotopic ratio 
31/30. 

The results of the test proper are presented in Fig. 7. 

In particular, Fig. 7A represents the variations of 
accumulation of NO in the atmosphere of the tubes as a function of 
the turbidity of the medium, and Fig. 7B represents the variations 
of said accumulation as a function of the time of incubation. 

The vertical and horizontal bars indicate the standard 
deviation of the mean for n = 4, when larger than the size of the 
symbol itself. 

Comparison of Fig. 7B (which represents the turbidity of the 
culture medium under helium, versus time) with Fig. 4 (which 
represent? the same plot in air) shows that the growth of strain 
TL223 is not significantly affected by an atmosphere consisting 
essentially of helium. 

One can also demonstrate that the rate of accumulation of 
nitric oxide in the atmosphere is constant during approximately the 
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first 45 hr of incubation, then changes ("deflects") (Fig. IB); this 
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corresponds to a turbidity of nearly 1 . 5 DO (Fig. 7A) . 

After about 65 hr incubation (turbidity above 1.7 DO), about 
1.5 microgram NO has been accumulated in the helium atmosphere per 1 
mL culture medium. 

The order of magnitude obtained is commensurate ("compatible") 
with the nitrite content measured in the medium for the cultures in 
contact with air. In this latter case, one can essentially say 
(Fig 5) that the strain TL223 accumulates a maximum 1.8 microgram 
N02"/mL for turbidity 1.5 DO, which corresponds to c . 1.2 microgram 
NO/mL . 



From this direct preliminary measurement of production of NO by 
strain TL223, one has sought, according to the invention [sic], to 
confirm the route of synthesis of the nitric oxide; in this 
connection, one would like to investigate whether this [synthesis] 
is stimulated by addition of nitrite or nitrate. 

Such a stimulation can be verified by the tests summarized 
hereinbelow: 

S. Study of stimulation of production of NO by addition of 
nitrate or nitrite : 

With the aim of investigating whether it is possible to 
stimulate production of NO by propionic bacteria by [adding] N02 or 
N03", a study was conducted of whether an increase in the production 
of NO by the strain TL223 is observed when 1 millimolar KN02 or KN03 
is present (with and without isotopic tagging by N) . 

This study was carried out under the following conditions: 

— the strain TL223 was inoculated at 1% into a YEL medium 
(control) and a YEL medium with addition of 1 millimolar KN02, 1 
millimolar KN03, or K 15 N03 with 50% tagging with N; 

— incubation 24, 48, and 72 hr at 30 EC; 
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— 3 repetitions per point and per treatment; 

— accumulation of NO and determination of the isotopic ratio by 

mass spectrometry; 

— estimation of the fermentation of each culture (via the 
turbidity) , measured as absorbance at 650 nm; 

— dosing with nitrate and nitrite after recovery of the bacterial 
media, centrif ugation, and measuring using a Boehringer kit 
("Boerhinger" ) . 

Analysis was also performed of the accumulation of NO as a 
function of the concentration of N03" (100, 150, 350, 650, and 1050 
micromolar) or of N02" (50, 100, 400, 800, and 1000 micromolar) after 
an incubation of 72 hr at 30 EC (TL223 inoculated at 1% into a YEL 
medium) . 

The samples to be analyzed were distributed in analysis tubes 
for NO from which the atmosphere was immediately purged by a flow of 
helium (helium purge) for 150 seconds, to obtain strictly [sicj 
anaerobic conditions. 

The effect of the purging with helium on eventual detection of 
the NO by the mass spectrometer was tested with a sterile YEL 
medium, preliminarily purged with helium and incubated 72 hr at 
30 PC After 0, 24, 48, and 72 hr incubation (3 repetitions), no 
production of NO was detected, and the turbidity values continued to 
be zero. 

Thus verification was obtained of the quality [sic] of the 
helium purging, the absence of any bacterial contamination, and the 
absence of interaction between the helium purging and the 
measurement of NO by the mass spectrometry. 

The abovementioned tests produced the results indicated in Fig. 
8, relating to the kinetics of accumulation of NO in the presence of 
nitrite or nitrate. 

In particular: 

— Fig. 8A shows variations of the accumulation of NO as a 
function of time; 
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— Fig. 8B shows variations of the turbidity as a function of 
t ime ; 

— Fig. 8C shows variations of the isotopic ratio (mass 31/masses 
30 + 31) as a function of time; and 

— Fig. 8D shows variations of the production of NO as a function 
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of the turbidity. 

Each of these Figures concerns strain TL223 cultivated in: 

— YEL medium alone; ,is K ,^- 

— YEL medium in the presence of 1 millimolar nitrate ( N03 
tagged to the extent of 50%, and 14 N03") [i.e. 50% N03 and 
50% 14 N03") ; and , , 

— YEL medium in the presence of 1 millimolar nitrite. 

The vertical bars represent V the standard deviation of the 
mean for n = 3, when the deviation is larger than the size of the 
symbol itself. 

These Figures demonstrate that the accumulation of NO with 
TL223 cultivated in the presence of 1 millimolar KN03 (with and 
without nitrogen 15 tagging) and in the presence of 1 millimolar 
KN02 is close to 7 microgram NO/mL after 48 hr incubation at 30 EC 

This value is 3.5 times greater than the production of NO in the 
case of YEL medium not supplemented with nitrate or nitrite (Fig 
8A) These differences are not due to differences in [bacterial j 
growth engendered by the composition of the medium, because the 
t£?bidity at the end of the growth process is of the same order of 
magnitude with the YEL medium alone (4 5 DO units after 7 Mir) and 
with the same medium with nitrate or nitrite added (c. 5 DO units 
after 72 hr (Figs. 8B and 8D) . 

Fig 8C shows that the addition of K 15 N03 (50% tagging) allows 
one to obtain tagged NO in the proportion of c .40% after 48 hr 
incubation; thus the mass 15 nitrogen added m the form of the 
nitrate is found in the NO synthesized by the strain TL223. 

It was also observed that when the TL223 strain is cultivated 
in K 15 N03 the profile of the peak of mass 31 ( 15 N 16 0) increases very 
sSrongli ? with Respect to the NO analyzed in a YEL medium containing 
un-tagged nitrate, which confirms this situation [(conversion of 
nitrate to NO as mediated by the bacteria and not some other 
phenomenon) ] . 

Also, addition of 1 millimolar un-tagged KN03 or KN02 causes 
production of NO with an 

— Page 14 — 

isotopic ratio of 0.75% (48 hr incubation - Fig 8C) , which is very 
close to the natural isotopic ratio of NO (c. 0.4*}. 

These latter observations confirm very clearly that the gas 
analyzed in the mass spectrometry was indeed NO. 

These tests thus have allowed one to conclude that the strain 
TL223 is capable of synthesizing NO directly from nitrite or in the 
presence ofnitrate (after [i.e. through] reduction of the nitrate 
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to nitrite) . 

Based on the isotopic ratios obtained with YEL medium to which 
1 millimolar K 15 N03 (tagged 50% with 15 N) has been added, it is 
possible to deduce the proportion of conversion of nitrate to 
nitrite; thus, about 20% of the K 15 N03 added is transformed to nitric 
oxide by the strain TL223. 

The nitrate initially present in the sterile YEL medium 
explains the production of NO observed with TL223 (on the order of 2 
microgram NO/mL after 72 hr incubation — Fig. 7) . 

The variations of production of NO as a function of the 
concentration of nitrate or nitrite are shown in Fig. 9. In 
particular: 

— Fig 9A shows variations of the production of NO and the course 
of the turbidity as a function of the initial concentration of 
nitrate, with TL223 cultivated in YEL medium, after 72 hr 
incubation; 

— Fig. 9B shows variations of the production of NO and the course 
of the turbidity as a function of the initial concentration of 
nitrite, with TL223 cultivated in YEL medium, after 72 hr 
incubation; 

— Fig 9C shows variations of the proportion of conversion of 
nitrate to NO as a function of the initial concentration of nitrate; 

and 

— Fig. 9D shows variations of the proportion of conversion of 
nitrite to NO as a function of the initial concentration of nitrite. 
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In these Figures, the concentrations of nitrate have been 
corrected to take into account the presence of c .50 millimolar 
nitrate in the YEL medium itself, and are the following: 100, 150, 
350, 550, 650, and 1050 millimolar. 

The nitrite concentrations are the following: 50, 100, 400, 
800, and 1000 millimolar. 

These Figures show that for the selected ranges the production 
of nitric oxide by the strain TL223 is proportional to the initial 
concentration of nitrate (Fig. 9A) or nitrite (Fig. 9B) in the YEL 
medium. This relationship is linear. 

In both cases, no "plateau" phase has been observed, which 
suggests that the concentrations of nitrate or nitrite used do not 
allow one to obtain the maximum level of accumulation of NO by [i.e. 
with the use of] the TL233 propionic bacteria. 
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It should also be noted that the presence of high 
concentrations of nitrate or nitrite does not affect the growth of 
the bacteria, as indicated by the fact that the turbidity values at 
72 hr are very nearly equal for all the concentrations tested. 

It is also noteworthy that the straight lines obtained in Figs. 
9A and 9B are superposable, which enables one to demonstrate that 
the NO product comes directly from nitrite, or from nitrate via 
reduction of nitrate to nitrite. 

In addition, these results show that with the strain TL223 the 
step of reduction of nitrate to nitrite is not the limiting step for 
the concentrations of nitrate chosen in these experiments. 

It is also important to emphasize that the proportion of 
conversion of the N03" (Fig. 9C) and the N02' (Fig. 9D) evolves as a 
function of the quantity of substrate available, going fro ™ ^ t0 
60% when the concentration of N03' or N02 [sic] goes from 1000 
micromolar to 100 micromolar. 

This suggests that the production of NO is strongly regulated 
and that it has priority with respect to 
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the use of nitric [sic] nitrogen for nitrogen syntheses. 

Based on the above-presented conclusions, the production of NO 
in 12 strains of bacteria in two different species was studied. The 
results of these tests are summarized hereinbelow. 

6_. Study of production of NO in different strains of 
propionic [bacteria] : 

In this test, the strains of propionic bacteria employed were 
the following: 

P. freudenreichii: LS410, LS2501, LS2502, ITG 23, CNRZ89, 
CNRZ277, CNRZ81. 

P. acidipropionici: TL223, NCDO1072, PR75, CNRZ80, CNRZ86, 
CNRZ287. 

It should be noted that the strains CNRZ80, CNRZ81, CNRZ86, 
CNRZ89, CNRZ277, and CNRZ287 belong to the public collection of 
INRA-CNRZ, and the strain NCDO1072 belongs to the British 
collection, National Collection of Dairy Organisms. The other 
strains belong to private collections. 

After inoculation of the YEL medium in the presence of 550 
micromolar nitrate, the bacterial cultures were immediately divided 
Tnto 5 mL portions in tubes which were sealed and purged with helium 
ato produce] anaerobic conditions)]. Then the propionic strains 
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were subjected to the following experimental conditions: 

— incubation 24, 48, and 72 hr at 30 EC; 

— 3 repetitions; t t . . ^ 

— accumulation of NO in the atmosphere, and determination of the 
isotopic ratio by mass spectrometry; 

— estimation of the fermentation of each culture, measured by 
reading the absorbance at 650 nm; 

— dosing of nitrate and nitrite after recovery of the bacterial 
media, centrif ugation, and measurement using a Boerhmger kit 

[ (Boehringer kit?) ] . 

Fig. 10 represents the variations in accumulation of NO as a 
function of time for the strain TL223 
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and the 12 other strains of propionic bacteria cultivated in the YEL 
medium in the presence of 550 micromolar nitrate. The strain TL^J 
is represented in each case for the purpose of comparison. 

The vertical bars represent V the standard deviation of the 
mean for n = 3, when the deviation is larger than the size of the 
symbol itself. 

This Figure shows the existence of strong divergences between 
the propionic strains. 

Overall, in comparing the levels of production of NO after 72 
hr incubation, one can classify the strains into 3 categories: 

- strains capable of producing 4-4.5 microgram NO/mL: T L223, 
CNRZ80, NCDO1072, and PR75. The isotopic ratio for the NO produced 
by these strains is between 2 and 2.5% (for t = 72 hr) ; 

- strains capable of producing c. 2 microgram NO/mL: CNRZ81, 
CNRZ86, CNRZ89,CNRZ277, LS2502, and ITG23. /he isotopic ratio for 
the NO produced by these strains is between 4 and 4.5* (for t iz 
hr) ; 

- strains capable of producing less than 1 micro f *™ N °^ ; nram 
LS410 SL2501, and CNRZ287. Despite the presence of 550 microgram 
nitrate in the culture medium, these 3 strains produced only small 
amounts of NO, and the isotopic ratio was on the order of 10-13% 
7TZ 72 hr). These values [of isotopic ratio] suggest that the 
peaks of masses 30 and 31 detected with these bacteria could not 
correspond to nitric oxide. 

It should be noted that with the strains belonging to the first 
? rateaories the [rate of] NO produced was not reduced at the end 
of Se'growth [(atthe time thegrowth was terminated)] and thus 
that it [the NO] does not seem to have been re-utilized by the 
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propionic bacteria; thus there was accumulation of NO. 

Fig 11 represents the variations of the production of NO as a 
function of the turbidity, for the 13 strains of propionic bacteria 
mentioned above, cultivated in YEL medium in the presence of 550 
micromolar nitrate. 

— Page 18 — 

In each instance, the strain TL223 is shown for purposes of 
comparison. 

The vertical bars represent V the standard deviation of the 
mean for n = 3, when the deviation is larger than the size of the 
symbol itself. 

Fiq 12 represents the variations of the turbidity (DO at 650 
nm) as a 'function of time, for the 13 strains of propionic bacteria 
analyzed, cultivated in YEL medium in the presence of 550 micromolar 
nitrate. 

In each case the strain TL223 is represented, for comparison 
purposes . 

The vertical bars represent V the standard deviation of the 
mean for n = 3, when the deviation is larger than the size of the 
symbol itself. 

The strains which produce the most NO (TL223, CNRZ80, NCDO1072, 
and PR75) achieve high turbidity values (4-5 DO units after 72 hr 
incubation) . 

Among these strains, it should be noted that the bacteria 
NCDO1072 and PR75 grow more slowly than TL223 but are capable of 
very rapidly accumulating appreciable concentrations of NO. 

Thus PR75 produces 2.8 microgram NO/mL for a turbidity of 0.5 
DO units. The maximum production of NO occurred at turbidity c. 1. 
DO units for NCDO1072 and PR75, whereas for TL223 the maximum 
occurred at 3.4 DO units. 

To "refine" these results, an analysis was performed of the 
concentrations of NO, nitrate, and nitrite in the culture media m 
the 13 strains of propionic bacteria studied, as a function of 
incubation time. 

The results obtained are presented in the Table below in which 
the concentrations are expressed in uM. For each strain, the 
measurements were performed in a tube, after removal of the bacteria 
by centrifugation. 

— Page 19 -- 
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[insert Table] 



KEY to Table: (Concentrations 
h = hours. 

Columns: (a) Concentration of 
(c) Production of NO. 
Rows: (d) P. freudenreichii; 



are units of micromolar . ) 
N03; (b) Concentration of N02 ; 
(e) P. acidipropionici. 



This Table indicates the following: 

— The strains which produce 4 microgram NO/mL are capable of 
completely reducing the available nitrate (550 micromolar) after 24 
hr incubation. They also are capable of completely reducing the 
nitrite obtained during the first 48 hr of incubation. 

— The strains LS410 and CNRZ287, which are very weak producers of 
NO, are not capable of significantly absorbing [sic — i.e. 
converting] the nitrate present in the medium. 

— With the strains which bring about intermediate accumulation of 
NO one can observe a course of the nitrate content and nitrite 
content which is very different, reflecting very different rates of 
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absorption of N03", and/or very different rates of reduction of N03 
and N02" [(as between the different strains)]. Thus, strain CNRZ81 
is capable of reducing all of the nitrate after 24 hr incubation. 
After 48 hours, 

-- Page 20 -- 

CNRZ281 also reduces [essentially] all of the N02". In contrast, 
after 72 hr incubation CNRZ277 still had 246 micromolar N03 and 85 
micromolar N02~. 



The tests summarized above demonstrate that certain propionic 
bacteria are capable of reducing nitrate in a culture medium and 
thereby are capable of providing the nitrite needed for synthesizing 
NO. 

It should be noted that the propionic strains which produce the 
most NO (TL223, CNRZ80, NCDO1072, and PR75) all are of the species 
P. acidipropionici and all have nitrate reductase activity. 

On the other hand, the strains which appear to produce less NO 
(or even no NO [sic]) (limit of detection of the mass spectrometer) 
(LS410, LS2501, and CNRZ287) are also bacteria which do not have any 
known nitrate reductase activity. 

For certain propionic strains, it appears that the kinetics of 
production of NO is not directly linked to nitrate reductase 
activity. 

Considering these results, the invention also relates to an 
absorbable dietetic or medicinal composition, characterized in that 
it is comprised of a preparation comprised of a substantial number 
of cells per gram, preferably more than 10(exp)9 cells/g, of strains 
of propionic bacteria selected based on their capacity to produce 
and/or accumulate nitric oxide in the amount of at least 
1 microgram/mL of YEL [culture medium] containing 550 micromolar 
nitrate. 

According to another feature of the invention, this composition 
contains propionic bacteria belonging to at least one the strains 
TL223, CNRZ80, CNRZ86, and NCDO1072 of the species 
P. acidipropionici. 

Among these strains, the strain TL223 has been found to be 
particularly advantageous. 

It should also be noted that the strain [lit., "strains"] 
CNRZ80 is of particular interest from the standpoint of 
productivity, because it can accumulate a 

— Page 21 -- 
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substantial concentration of NO in a short period of time (at 
relatively low turbidity values) . 

According to another feature of the invention, the described 
composition contains propionic bacteria belonging to at least one of 
the strains ITG23, CNRZ81, CNRZ89, CNRZ277, and LS2502 of the 
species P. freudenreichii. 

It should be noted that, according to another feature of the 
invention, the composition can also contain other bacteria such as 
bif idiobacteria and/or lactic bacteria. 

To supplement the results presented above, tests were carried 
out on two types of non-propionic bacteria, namely E. coli and 
Lactobacillus farciminis, which are known for their ability to 
reduce nitrites. 

The results of these tests are summarized hereinbelow. 

7. Study of the production of NO by strains o f E. cOli and 
L. farciminis : 

These supplementary tests were carried out taking into account 
the publication of Gudrun Wolf, Elke K. Arendt, Ute Pfahler, and 
Walter P. Hammes, 1990, [(in English)] "Heme-dependent and heme- 
independent nitrite reduction by lactic acid bacteria results in 
different N-containing products", International Journal of Food 
Mi crobiology , 10, 323-330, which mentions that certain lactic 
bacteria ([e.g.] L. farciminis) are capable of producing nitric 
oxide from nitrite. 

Preliminary experiments showed that after 5.5 hours of growth 
of the strain [of] L. farciminis in MRS [culture medium] to which 1 
millimolar nitrate had been added, one no longer detected either 
nitrate or nitrite in the culture medium. 

The same conclusion was arrived at concerning the strain [of] 
E. coli after 7 . 5 hr growth in BHI [culture medium] to which 1 
millimolar nitrate had been added. 

It is known that during growth the strain [of] L. farciminis 
acidifies MRS medium (c. pH 5 after 5-6 hours of culturing) . 

— Page 22 -- 

Furthermore, the tests carried out in YEL medium indicate that 
nitrites are transformed into NO in acid medium. 

These tests were carried out under the following experimental 

conditions: 

— acidification of the YEL medium by HCl; 

— addition of nitrite to a concentration of 400 micromolar; 
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— autoclaving of the media; 

— three repetitions. 

The results obtained are presented in Fig. 13, which shows, as 
a function of pH, the variations of production of NO after 
incubation 24 hr at 37 EC in YEL medium to which nitrites have been 
added. 

This Figure is such as to demonstrate that substantial 
production of NO from nitrite occurs when the medium is acidified, 
with lower pH leading to greater production of NO. 

Comparative tests were then carried out, of production of NO by 
L. farciminis and E. coli (which latter has the reputation of not 
producing NO) (Brittain, T., Blackmore, R. , Greenwood, C, and 
Thomson, A.J., 1992, "Bacterial nitrite-reducing enzymes", 
Eur. J.Biol.Chem. , 209 , 793-802) . 

These tests were carried out under the following conditions: 

— incubation in BHI medium (E. coli) or MRS medium 

(L. farciminis), at 37 EC; 

— addition of nitrite to the medium, to a concentration ot 1 

millimolar; , , , _ . n . , 

— purging the atmosphere of each tube by helium, for 100 seconds; 

— three repetitions; 

— measurement of the turbidity at the end of the incubation. 
These tests provided the results presented in Fig. 14. 

In particular: 

— Fig. 14A represents the variations of the production of NO as a 
function of incubation time; and 
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— Fig. 14B represents the variations of the production of NO as a 
function of the turbidity of the medium. 

It should be noted that the values obtained for production of 
NO are all clearly lower than the threshold of 1 microgram/mL which 
was deemed significant [in the discussion] above; as a result there 
is no accumulation of NO in the culture tubes. 

These results thus indicate that the absence of nitrate and 
nitrite observed in the preliminary experiments after 5.5 hr (for 
L. farciminis) and after 7.5 hr (for E. coli) is not compensated for 
by accumulation of NO which may be of chemical origin (connected to 
acidification of the medium) or of bacterial origin. 

In the case of the strain [of] L. farciminis, these results 
were confirmed by tests carried out on bacteria found in the form of 
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"resting cells" at pH regulated at 6.5 by a phosphate buffer 
containing lactate, under the following operating conditions: 

— incubation at 37 EC; 

-- addition of nitrite to a concentration of 400 micromolar; 

— purging the atmosphere of each tube by helium, for 100 seconds; 

— three repetitions; 

-- measurement of the turbidity at the end of the incubation. 
This analysis led to the following results, presented in Fig. 

15: 

— Fig. 15A represents the variations in production of NO as a 
function of incubation time; and 

— Fig. 15B represents the variations in production of NO as a 
function of the turbidity. 

These results confirmed those obtained previously, namely that 
the quantities of NO produced are too low to be significant, and 
thus the strain [of] L. farciminis is not capable of [significantly] 
accumulating nitric oxide. It is possible that this strain produces 
nitric oxide at the beginning of its growth, but that the NO 
produced is reused by the bacteria. 

— Page 24 — 

Supplementary tests were carried out on strains TL223 and 
CNRZ80 in the form of "resting cells" after incubation at 30 EC and 
37 EC 

8. Course of production of NO bv propi onic bacteria in the 
form of "resting cells" : 

This experiment was carried out under the following conditions: 
-- resting cells suspended in a phosphate buffer containing 
lactate, at pH 6.5; 

— incubation at 30 EC and 37 EC; 

— addition of nitrite to a concentration of 400 micromolar; 

— purging the atmosphere of each tube by helium, for 100 seconds; 

— three repetitions; 

— measurement of the turbidity at the end of the incubation. 

It should be noted that during the tests with incubation at 30 
EC, in addition to the strains TL223 and CNRZ80, the strain CNRZ81 
was tested, with a doubled bacterial concentration. 

These experiments led to results presented in Fig. 16 and 17. 
In particular: 

— Fig. 16A represents the variations in production of NO for the 
resting cells at 30 EC as a function of incubation time; 
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— Fig. 16B represents the variations in production of NO for the 
resting cells at 30 EC as a function of the turbidity of the medium; 

— Fig. 17A represents the variations in production of NO for the 
resting cells at 37 EC as a function of incubation time; and 

— Fig. 17B represents the variations in production of NO for the 
resting cells at 37 EC as a function of the turbidity of the medium. 

These results indicate that the resting cells provide 
production of NO, not only in the case of the two strains of the 
species 
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P. acidipropionici (TL223 and CNRZ80) but also in the case of the 
strain of the species P.. freudenreichii (CNRZ81) . The strain TL223 
is the most productive. 

Overall, at identical concentrations of the bacteria, the 
production of NO by the resting cells is of the same order of 
magnitude as that observed in the case of bacteria cultivated in YEL 
medium. 

The production of NO by the resting cells occurs essentially 
during the first 5 hours of incubation. Beyond that period, 
production is low. 

Thus, one may observe that at 37 £C the production of NO is 
identical to (TL223) , or slightly greater than (CNRZ80) , that 
obtained at 30 EC. 

The advantages associated with ingestion of propionic bacteria 
have been verified by in vivo studies carried out on healthy humans. 

9_. Study of the effect of ingestion of propionic bacteria 

on intestinal transit, in healthy humans : 

This study was performed in a hospital setting at CHU Caen, on 
a series of 19 healthy male volunteer subjects. 

At the beginning of the test, each volunteer was administered 
10 radioopaque markers daily, for 8 successive days, according to 
the protocol described in the publications 

— Arban, P., Devroede, G., Jehannin, B . , et al., 1981 
Dis.ColonRectum , 24, 625-9; and 

— Bouchoucha, M . , Devroede, G., Arhan P., et al., 1992 
Pis . ColonRectum , 35 , 77 3-82 . 

According to this protocol, the transit study is carried out by 
following ingested radioopaque markers in various distinct spaces in 
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the abdominal cavity, on an abdominal [photographic] plate in a face 
view (anterioposterior) . These spaces (right colon, left colon, and 
rectosigmoidal region) , are defined by imaginary lines adjacent to 
the 5th lumbar vertebra, along the pelvic cavity. The time of 
transit is calculated according to the formula 

T = (1/N) ^ n = -t , 

where 
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N is the 10 markers; 

n represents the number of markers counted in a region; and 
-t is 24 hours. 



The day following the described ingestion, i.e. on the 9th day 
[of the study], the volunteers were subjected to anterioposterior 
radiography of the abdomen, without preparation. 

Beginning on the next day, i.e. the 10th day, each day for 2 
weeks each volunteer was administered a capsule containing 
5 x 10(exp)10 propionic bacteria from a culture collection used by 
the cheese industry, thus [deemed] completely benign to humans. 

A second study on transit time similar to the first was 
performed during the second week of ingestion of the propionic 
bacteria, i.e. on the 17th to 26th day. 

This study showed a significant increase in the transit time of 
the left colon (statistically p < 0.05 according to the Wilcoxon 
Matched-Pair Signed Ranks Test); the transit times of the right 
colon and the rectosigmoidal region were not significantly changed 
by ingestion of the propionic bacteria. 

This study indicates that the ingestion of propionic bacteria 
affects intestinal motility; one may hypothesize that the results 
are connected to the synthesis of nitric oxide by the propionic 
bacteria . 

## 
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Claims : 

1. Use of propionic bacteria to obtain a current feeding 
composition or an absorbable dietetic or medicinal composition 
capable of releasing physiologically significant amounts of nitric 
oxide in a human or animal alimentary canal. 

2. Use according to claim 1; characterized in that the 
composition is comprised of a dehydrated preparation. 

3. Use according to claim 2; characterized in that the 
composition is present in the form of individual fractions 
containing a dose of bacteria which is intended to be regularly 
absorbed. 

4. Use according to claim 3; characterized in that each 
individual fraction contains more than 10(exp)9 bacteria. 

5. Use according to claim 1; characterized in that the 
composition is comprised of a liquid preparation, which may or may 
not be fermented. 

6. Use according to claim 1; characterized in that the 
composition is a prepared preparation wherein the propionic bacteria 
are added to or incorporated into foodstuffs such as cheeses or food 
fibers . 

7. An absorbable dietetic or medicinal composition; characterized 
in that it is comprised of a preparation which contains a 
substantial number, preferably greater than 10(exp)9, of cells per 
gram, of strains of propionic bacteria selected based on 
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their capacity to produce and/or accumulate nitric oxide in the 
amount of at least 1 microgram/mL of YEL [ (a certain culture 
medium)] containing 550 micromolar nitrate. 

8. A composition according to claim 7; characterized in that it 
contains propionic bacteria belonging to at least one the strains 
TL223, CNRZ80, CNRZ86, and NCDO1072 of the species 

P. acidipropionici . 

9. A composition according to claim 8; characterized in that it 
contains propionic bacteria belonging to the strain TL223 of the 
species P. acidipropionici. 
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10. A composition according to claim 8; characterized in that it 
contains propionic bacteria belonging to the strain CNRZ80. 

11. A composition according to claim 7; characterized in that it 
contains propionic bacteria belonging to at least one the strains 
ITG23, CNRZ81, CNRZ89, CNRZ277, and LS2502 of the species 

P. freudenreichii . 

12. A composition according to one of claims 7 to 11; 
characterized in that it also contains other bacteria, such as 

bifidobacteria and/or lactic bacteria. 

### 
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Figure legends : 

[(insert the 17 Figures)] 
Fig. 3. KEY: 

Left ordinate: N02 [(nitrite)] produced 

(microgram/100 mL culture) . 
Right ordinate: Turbidity (absorbance at lambda = 650 nm) . 
Abscissa: Time of incubation (hours). 

[(Solid line relates to left ordinate, and dashed line to 
right ordinate.)] 



Fig. 4. KEY: 

Right ordinate: Turbidity (absorbance at lambda = 650 nm) . 
Abscissa: Time of incubation (hours) . 
Souche = strain. 



Fig. 5. KEY: 

Abscissa: Turbidity (absorbance at lambda = 650 nm) . 
Sche = strain. 



Fig. 6. KEY: 

Abscissa of left plot: Area of masses 30 and 31. 
Right ordinate: Isotopic ratio 31/30. 



Fig. '7. KEY: 

DO = turbidity units. 

Abscissa of bottom plot: Incubation time (hours) . 

Left ordinate: Microgram NO produced per mL of culture medium. 



Fig. 8. KEY: 

Abscissas A, B, and C: Incubation time (hours) . 
Abscissa D and ordinate B: 

Turbidity (DO at lambda = 650 nm) . 

Fig. 10. KEY: 

Abscissa: Time of incubation (hours) . 



Fig. 12. KEY: 

Ordinate: Turbidity (DO at lambda = 650 nm) . 
Abscissa: Time of incubation (hours) . 



Figs. 14-17. KEY: 

Duree d f incubation (heure) = Duration of incubation (hours). 
Turbidite a 650 nm = Turbidity [(absorbance)] at 650 nm. 
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1 

« Composition absorbable renfermant des bact^ries propioni- 
ques susceptible de dSgager du monoxyde d' azote dans le 
tube digestif humain ou animal » 

La pr§sente invention concerns une composition 
d' alimentation courante ou une composition di€t§tique ou me- 
dicamenteuse absorbable renfermant des bacteries propioniques 
susceptibles de dSgager des quantites physiologiquement si- 
gnificatives de monoxyde d' azote dans le tube digestif humain 
ou animal . 

Pendant de nombreuses d§cennies, on a totalement 
ignore que le monoxyde d' azote constitue l'un des 616ments 
nScessaires a la vie et & son maintien ; par suite jusqu'a 
ces quatre ou cinq dernieres ann£es, les chercheurs ne se 
sont pas penchSs sur les bienfaits associ€s a la presence de 
cet oxyde, que ce soit en m§decine, en nutrition ou en phy- 
siologie . 

Ce n'est que tout dernierement que l'on a attri- 
bu6 au monoxyde d' azote un nombre impress ionnant de fonctions 
physiologiques et que l'on a emis l'hypothdse que ce gaz pou- 
vait §tre impliquS au premier chef dans des fonctions aussi 
di verses que le contrSle de la pression artSrielle, la fonc- 
tion cytotoxique non specif ique des macrophages, l'agr€gation 
plaquettaire et la neurotransmission ou encore le controle de 
la motricit6 du tube digestif. 

A partir de cette supposition, les recherches 
portant sur le monoxyde d' azote se sont multiplies et 
1' importance de ce gaz a pu etre confirmee. 

II est connu que le monoxyde d' azote, qui est un 
gaz tr£s instable (demi-vie inf§rieure a 5 secondes dans les 
systemes biologiques) , est produit par biosynthese au sein de 
l'organisme humain ou animal st partir de la L-arginine par un 
groupe d' enzymes d£nomm€es NO-synthases (NOS) dont il existe 
deux types principaux, a savoir d'une part les NOS constitu- 
tives qui sont exprimees notamment dans les cellules endothe- 
liales, les plaquettes sanguines et les neurones et, d' autre 
part, les NOS inductibles qui sont exprimSes principalement 
par certaines cellules du systeme immunitaire (macrophages et 
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polynucleaires notamment) par le muscle lisse vasculaire et 
les cellules endothgliales . 

II est a noter que la production de NO par les 
NOS inductibles est, de plusieurs ordres de grandeurs, supe- 
5 rieure a la production de NO par les NOS constitutives, mais 
que dans tous les cas, cette production demeure relativement 
faible. 

Or, et compte tenu du r61e b§n§fique susmentionni 
du monoxyde d' azote, il serait souhaitable de pouvoir augmen- 
10 ter cette production en particulier en utilisant la voie na- 
turelle du metabolisme alimentaire . 

On n'a cependant jusqu'a present jamais propose 
de moyens permettant de parvenir & ce r6sultat. 

L'objet de 1' invention est de combler cette la- 

15 cune . 

Conform€ment a 1' invention, on a pu parvenir au 
but recherche en const atant que, de maniere surprenante, un 
type particulier de bacteries, les bacteries propioniques, 
sont susceptibles de produire du monoxyde d' azote, et que 

20 parmi ces bacteries, certaines especes et certaines souches 
parmi ces especes en produisent de grandes quantites. 

II s'agit IS de bacteries propioniques qui, bien 
que n'appartenant pas au groupe des bacteries lactiques ou 
bif idobacteries classiquement introduites dans l'organisme 

25 par le biais de desserts lactes ou autres produits laitiers 

fermentfes, sont nSanmoins presentes en alimentation humaine 

depuis des siecles : ce sont en effet elles qui permettent 

l'obtention des trous lors de la fabrication du fromage de- 

nomme « emmental » qui en fin d'affinage renferme environ 
9 

30 10 cellules/g de bacteries propioniques. 

II est a noter que la fermentation de ces bacte- 
ries produit entre autre de l'acide propionique, de l'acide 
acetique et du dioxyde de carbone. 

La constatation susmentionnee est d'autant plus 
35 surprenante que 1'on a pu verifier que des bact§ries lacti- 
ques, des bif idobacteries et/ou des levures, utilisees cou- 
ramment dans le domaine agro-alimentaire, ne produisent pas 
de monoxyde d' azote. 
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L' invention se rapporte, en consequence, & 
1' utilisation de bacteries propioniques pour l'obtention 
d'une composition d' alimentation courante ou d'une composi- 
tion dietetique ou medicamenteuse absorbable susceptible de 
degager des quantites physiologiquement signif icatives de mo- 
noxyde d' azote dans le tube digestif humain ou animal. 

Conformement a 1' invention, cette composition 
peut etre constitute par une preparation 61aboree et/ou pre- 
sentee sous forme liquide (en particulier d'un liquide fer- 
mente) , sous forme deshydratee ou d'humidite intermSdiaire . 

Plus prgcisement, il est a noter que, sans pour 
cela sortir du cadre de 1' invention, la composition peut se 
presenter : 

- soit sous forme d'une preparation specif ique se justifiant 
par sa seule finalite physiologique, a savoir 1' ingestion 
de bacteries propioniques susceptibles de degager des quan- 
tites physiologiquement signif icatives de monoxyde d' azote, 

- soit sous forme d'une preparation alimentaire §laboree 
ayant parallelement une finality autre plus strictement 
energetique ou fonctionnelle ; dans ce dernier cas, les 
bacteries propioniques peuvent etre ajout£es ou incorpor6es 
dans les aliments eux-mSmes notamment dans des fromages, 
dans des fibres alimentaires telles que des flocons de ce- 
reales, ou encore dans des laits fermentes, crimes des- 
serts, gateaux et/ou boissons bienf aisantes, etc.. 

Conformement a 1' invention, les bacteries propio- 
niques peuvent etre introduites sous forme de biomasse ou 
sous la forme d'un levain susceptible de se multiplier in si- 
tu. 

Lorsqu'elle est deshydratee, la composition se 
presente, avantageusement , sous forme de fractions indivi- 
duelles renfermant la dose de bacteries devant etre absorbee 
r£gulierement . 

Ces fractions peuvent etre ing£rees directement 
ou etre prealablement diluees dans un liquide ; elles peuvent 
etre conditionn£es sous une forme permettant de faciliter 
1' absorption : comprimes, sachets de poudre granulee, li- 
quide, ... 
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On a v£rifi§ que de telles preparations deshydra- 
tees concentr^es de bacteries propioniques conservees une an- 
nee a +4°C voient leur concentration baisser de moins de 
un Log. 

5 L' experience a prouve que des gelules gastrore- 

sistantes ou non correspondent si un type de conditionnement 
particulidrement avantageux. 

Selon une autre caractiristique de 1' invention, 
chaque fraction individuelle renferme un grand nombre de bac- 

10 teries, de preference plus de 10 bacteries. 

Diverses experimentations (resumees ci-dessous) 
ont permis de verifier 1' aptitude toute particuliere de dif- 
ferentes souches de bacteries propioniques a produire du NO 
au cours de leur culture, d'abord indirectement a partir de 

15 la mesure des ions nitrites N0 2 puis directement par analyse 
en spectrom§trie de masse en milieu anaerobie. 

Au cours de ces experimentation, on a, dans un 
premier temps, etudie la concentration en nitrites dans des 
milieux riches en arginine et pauvres en nitrates (50 fiM) et 

20 on s'est rendu compte que 1' arginine n'est pas un element de- 
terminant dans la production de NO observee. 

Dans un second temps, on a experimente des mi- 
lieux suppiementes en nitrates. Les resultats obtenus dans ce 
dernier cas ont reveie le caractere nitrate dependant de la 

25 production de monoxyde d' azote. 

1 - Essais preliminaires comparatif s 

Differentes souches bacteriennes (inoculum 
yaourt, bif idobacteries, lactobacillus) ont ete cultivees 
30 en presence d'un milieu lait reconstitue (100 ml) supple- 

mente par un extrait de levures (10 g/1) puis incubees a 
37°C. 

L' accumulation de nitrite a ete mesuree au cours 
du temps. 

35 Ces essais preliminaires ont ete realises dans 

les conditions suivantes : 

• incubation a 37°C pendant 0, 4, 7 ou 10 heures, 

• 3 repetitions, 
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• dosage des nitrites par systdme Bran-Luebbe. 

En raison de la nature des ext raits a analyser, 
une Stape de purification des echantillons a 6t6 succes- 
sivement mise en oeuvre par une double centrif ugation 
5 (2 x 10 min., 4°C, 15 000 rpm) , suivie d'une ultrafiltra- 

tion sur cartouche miniprep 10 (retention des prolines 
de PM > lOkD) puis d'une purification partielle par pas- 
sage de l'echantillon sur rSsine Waters C18 (55-105 /im) . 

Cette m§thode a, dans un premier temps, ete tes- 
10 tee sur des Echantillons Stalons de nitrite (Figure 1) , 

puis sur des extraits de culture de Lactobacillus incubes 
7 heures auxquels a £tS ajoutee ou non une quantity con- 
nue de nitrite (Figure 2) . 

La figure 1 represente les profils colorimEtri- 
15 ques obtenus sur une chaine d' analyse automatique Bran 

Luebbe : 

(1) d'un milieu de culture de bif idobacteries apres 
10 heures d' incubation, 

(2) d'une solution standard de nitrite, 
20 (3) de cette meme solution ultraf iltree, 

(4) de cette m§me solution ultraf iltr€e et passee sur re- 
sine C18 . 

La figure 2 represente les profils colorim6tri- 
ques obtenus sur une chaine d # analyse automatique Bran 
25 Luebbe : 

(1) d'un milieu de culture de Lactobacillus aprds 
10 heures d' incubation a 37°C, 

(2) (3) d'une solution standard contenant 410 /ig de ni- 

trite/1, 

30 (4) (5) d'un milieu de culture de Lactobacillus apres 

10 heures d' incubation & 37°C auxquels a 6t§ ajou- 
tee une quantite connue de nitrite afin d'obtenir 
une solution a 820 /xg/1 de nitrite. 
Ces echantillons ont ete purifies par centrifuga- 
35 tion ultrafiltration et passage sur r£sine C18 dans les 

conditions decrites precedemment . 

Conformement a ces essais, aucune accumulation de 
nitrite n'a pu etre detectee que ce soit a partir 
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d' inoculum de yaourt, de bif idobacteries ou de Lactoba- 
cillus, ce quel que soit le temps d' incubation (0, 4, 7 
ou 10 heures) . 

Miee en evidence de 1' accumulation de nitrite par des 
cultures de bacteries propioniques 

On a prealablement recherche la presence even- 
tuelle de nitrate ou de nitrite dans la preparation du 
milieu YEL par dosage colorimetrique (kit Boerhinger) : 
on a ainsi pu mettre en evidence la presence d'une quan- 
tity non negligeable de nitrate dans ce milieu 
(concentration de l'ordre de 50 a 100 /iM) qui pourrait 
provenir de l'extrait de levure utilise pour la fabrica- 
tion de ce milieu ; en revanche, on a vgrifie que le mi- 
lieu YEL etait totalement exempt de nitrite. 

Des cultures de bacteries propioniques (1 g de 
lyophilisat pour 100 ml de milieu YEL) ont ete testees. 

Ces essais ont £t£ mis en oeuvre dans les condi- 
tions suivantes : 

• incubation £ 30°C pendant 24, 48 ou 72 heures, 

• 3 repetitions pour 1' incubation de 24 heures, 

• arret de 1' incubation par ebullition, 

• purification du produit par centrifugation et passage 
de l'extrait sur resine C18, 

• dosage des nitrites dans le milieu par analyse sur sys- 
teme Bran-Luebbe. 

On a dose les nitrites accumul£s par les bacte- 
ries propioniques afin d'etablir une cin§tique 
d' accumulation des nitrites en fonction du temps 
d' incubation des bacteries sur milieu YEL- 

La figure 3 represente, d'une part, les varia- 
tions de la quantite de nitrite produite (en /ig/100 ml de 
culture) en fonction du temps d' incubation (en heures) 
(□) et d' autre part les variations de la turbidity 
(absorbance a X = 650 nm) £galement en fonction du temps 
d' incubation (O) . 
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Cette figure montre que la quantite de nitrite 
est maximale & 24 heures puis diminue ensuite de faq:on 
significative apres 48 et 72 heures d' incubation. 

On peut raisonnablement penser que cette chute 
resulte de la reduction du nitrite en NO, N 2 0 ou autres 
composes par la nitrite reductase. 

ConformSment a 1' invention, on a pu prouver que 
1' accumulation de N0 2 depend des especes ou souches de bact£- 
ries propioniques mises en oeuvre. 

Cette situation a €t6 verifiee par les essais re- 
sumes ci-dessous : 

3 - Mise en evidence et comparaison des accumulations de ni- 
trite dans le milieu de culture dans le cas de 9 souches 
de 4 especes differentes de bacteries propioniques 

Conformement a cet essai, on a etudie les souches 
P20, P23, 2408, 2410, 2500 et 2501 de l'espece 
P.freudenreichii et les souches TL221, TL223 et TL207 ap- 
partenant respect ivement aux especes P.thoenii, 
P.acidipropionici et P.jensenii. 

II est & noter que les souches TL (technologie 
laitiere) sont des souches appartenant a 1 ' INRA-LRTL, 
tandis que la souche P23 (ou ITG23) a ete enregistrSe a 
la Collection Nationale des Cultures de Micro -organismes 
(CNCM) de l'Institut Pasteur sous le numSro 1-1804 en 
date du 18.12.96. 

Les differentes souches de bactSries propioniques 
(1 g de lyophilisat ou 5 ml de culture fraiche) ont ete 
cultivees sur 100 ml de milieu YEL contenant environ 
50 /xM de nitrate, selon les conditions suivantes : 

• incubation a 30°C pendant 12, 24, 36 ou 48 heures, 

• 3 repetitions, 

• arret de 1' incubation par ebullition, 

• purification du produit par centrifugation et passage 
de l'extrait sur resine C18, 

• accumulation de nitrite dans le milieu, mesur^e par 
analyse sur systeme Bran-Luebbe, 
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• estimation de la fermentation de chaque culture mesurSe 
par lecture de l'absorbance a 650 nm. 

Les r§sultats obtenus pour chaque souche sont 
rassembles sur la figure 4. 

Celle-ci represente, dans chaque cas, les varia- 
tions de 1' accumulation de nitrite (□) et de la turbidi- 
te du milieu de culture (O) en fonction de la duree 
d' incubation. Chaque valeur correspond a la moyenne ± 
l'Scart type de la moyenne pour n - 3. 

II convient de noter que les echelles 
d' accumulation du nitrite sont 25 fois plus grandes dans 
le cas des souches P23 et TL223 . 

Ces r6sultats prouvent que la croissance bacte- 
rienne, estim§e d' apres 1' evolution de la turbidite du 
milieu de culture, est proche pour 1' ensemble des souches 
etudi^es, atteignant environ 2 & 2,5 DO apres 48 heures 
d' incubation, a 1' exception de la souche TL221 pour 
laquelle la turbidity n'atteint que 0,6 DO apres 2 jours. 

En revanche, il exist e des differences hautement 
signif icatives quant a 1' accumulation de nitrite en fonc- 
tion du temps. 

En effet, les souches 2500, 2408, P20, 2501, 
2410, TL207 et TL221 accumulent une quantity relativement 
peu important e de nitrite, le maximum (0,1 /xg de N0 2 /ml) 
§tant atteint respect ivement apres 36, 12, 36, 12, 12, 24 
et 24 heures d' incubation. 

A 1' oppose, une accumulation beaucoup plus forte 
de nitrite a 6t§ obtenue avec des souches P23 et TL223 
qui accumulent, au maximum, 1,8 /ig de N0 2 /ml apres, res- 
pectivement, 36 et 24 heures d' incubation. 

II est a noter que la souche de bacteries propio- 
niques analysee dans le second essai susmentionne (figure 
3) avait une position intermediaire avec une accumulation 
maximale de N0 2 , d # environ 0,5 /xg/ml. 

Ces essais ont done permis de constater qu'il 
existe des differences signif icatives entre les quantites 
de nitrite pouvant etre produites par differentes souches 
de bacteries propioniques de quatre especes differentes, 
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ces differences €tant ind6pendantes de la croissance de 
ces souches. 

Ces r€sultats ont pu etre confirmes par 1' etude 
pour chaque souche de Involution de la concentration en 
nitrite du milieu de culture en fonction de sa turbiditi 
et done approximativement de la croissance bacterienne. 

Les resultats de ces derniers essais sont rappor- 
tes sur la figure 5 sur laquelle chaque valeur correspond 
a la moyenne ± l'6cart type de la moyenne pour n = 3. 

Les essais susmentionn6s ont et6 de nature a eta- 
blir que, parmi les souches etudi§es, la souche TL223 est 
la plus fortement accumulatrice de nitrites, ces nitrites 
disparaissant apres 12 heures. Cette souche a done ete 
retenue dans le cadre d' essais complementaires portant 
sur la mesure directe de la production de monoxyde 
d' azote par analyse en spectrometrie de masse en milieu 
ana£robie . 

4 - Mesure preliminaire de la production de NO par la souche 
TL22 3 sous atmosphere d' helium 

Conform6ment a ces essais, les cultures ont ete 
realisees dans des tubes de 10 ml contenant 5 ml de mi- 
lieu YEL contenant environ 50 /iM de nitrate et 0,25 ml de 
culture fraiche de la souche TL223. 

L' atmosphere des tubes a et€ immediatement eva- 
cuee par un flux d' helium (100 ml/min.) pendant 
100 secondes. 

L' accumulation de NO dans 1' atmosphere des tubes 
a ensuite €t& mesuree au cours du temps dans les condi- 
tions suivantes : 

• incubation a 30°C pendant 24, 4 8 ou 72 heures, 

• 4 repetitions, 

• mesure de 1' accumulation de NO par analyse en spectro- 
metrie de masse, 

• estimation de la fermentation de chaque culture mesurSe 
par lecture de l'absorbance a 650 nm. 

Lors d'un essai preliminaire, le systeme de puri- 
fication de gaz (Roboprep G+) - spectrometre de masse 
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(Twenty-Twenty) a §te calibr£ par des quantit§s croissan- 
tes de monoxyde d' azote. 

Ce gaz a 6t6 g6ngr6 a partir de NaN0 2 en presence 
d'une solution de KI et H 2 S0 4 . 
5 L' identification et la quantification du monoxyde 

d' azote ont 6t§ r§alis§es par sa masse : 30 pour 14 N 1€ 0 

15 16 14 17 

et 31 pour N O et NO. Cette identification a • en- 
suite ete confirmee par la mesure du rapport isotopique : 
31/30 = [ N O + N 1 0]/ 14 N 16 0. II est a noter que le 
10 rapport isotopique theorique 31/30 du NO est de 0,00367 

17 

en 1' absence de contamination par 1' O. 

Les resultats de cet essai preliminaire sont rap- 
portes sur la figure 6 sur laquelle la partie gauche (A) 
correspond a la courbe d'etalonnage du spectrometre de 

15 masse utilise pour la quantification du monoxyde d' azote 

tandis que la partie droite (B) correspond a la mesure du 
rapport isotopique 31/30. 

Les resultats proprement dits de cet essai sont 
rapportes sur la figure 7. 

20 Plus precistment, la figure 7A reprSsente les va- 

riations de 1' accumulation de NO dans 1' atmosphere des 
tubes en fonction de la turbiditS du milieu tandis que la 
figure 7B represente les variations de cette accumulation 
en fonction du temps d' incubation. 

25 Les barres verticales ou horizontales indiquent, 

lorsqu'elles sont plus larges que le symbole, l'ecart 
type de la moyenne pour n = 4 . 

Une comparaison de la figure 7B (qui represente * 
Involution au cours du temps de la turbidity du milieu 

30 de culture sous hfelium) avec la figure 4 (qui represente 

cette meme evolution k I'air) montre que la croissance de 
la souche TL223 n'est pas affectee signif icativement par 
une atmosphere constitute essentiellement d' helium. 

On a egalement pu §tablir que la vitesse 

35 d' accumulation du monoxyde d' azote dans 1' atmosphere est 

constante durant environ les 45 premieres heures 
d' incubation, puis s'inflechit ensuite (figure 7B) , ce 
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qui correspond a une turbidite proche de 1,5 DO (figure 
7A) . 

Apres environ 65 heures d' incubation (turbidit§ 
superieure a 1,7 DO), environ 1,5 /xg de NO sont accumules 
dans 1 ' atmosphere d'h§lium pour 1 ml du milieu de cul- 
ture. 

L'ordre de grandeur obtenu est compatible avec 
les teneurs en nitrite mesur^es dans le milieu pour des 
cultures au contact de 1'air. 

Dans ce dernier cas, on avait en effet pu consta- 
ter (figure 5) que la souche TL223 accumulait au maximum 
1,8 iig de N0 2 /ml pour une turbidite de 1,5 DO, ce qui 
correspond a environ 1,2 fig de NO/ml. 

A partir de cette mesure directe pr§liminaire de 
la production de NO par la souche TL223, on a cherche, con- 
formement a 1' invention, a confirmer la voie de synthese de 
ce monoxyde d' azote, et on a eu a cet effet l'idee de recher- 
cher si celle-ci est stimulee par un apport de nitrite ou de 
nitrate. 

Une telle stimulation a pu §tre verifiee grace 
aux essais resumes ci-dessous : 

5 - Etude de la stimulation de la production de NO par apport 
de nitrite ou de nitrate 

Dans le but de rechercher si la production de NO 
par les bacteries propioniques est possible a partir de 
N0 2 ou de N0 3 , on a recherchg si l'on observe une aug- 
mentation de la production de NO par la souche TL223 
lorsqu'elle est en presence de 1 mM de KN0 2 ou de KN0 3 
(avec et sans marquage isotopique au 15 N. 

Cette experimentation a ete effectu§e dans les 
conditions suivantes : 

• la souche TL223 a ete ensemencee a 1 % dans un milieu 
YEL seul (temoin) ou avec addition de 1 mM de KN0 2 , de 

15 15 
KN0 3 ou de K N0 3 avec un marquage isotopique a N S 

50%) , 

• incubation a 30°C pendant 24, 48 et 72 heures, 
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• 3 repetitions par point et par traitement, 

• accumulation du NO et determination du rapport isotopi- 
que par spectrometrie de masse, 

• estimation de la fermentation de chaque culture 
(turbidite) mesur£e par lecture de l'absorbance a 
650 nm, 

• dosage du nitrate et du nitrite apres recuperation des 
milieux bact§riens, centrifugation et mesure par kit 
Boerhinger . 

On a Sgalement analyse 1' accumulation de NO en 
fonction de la concentration en N0 3 " (100, 150, 350, 650 
et 1050 ilM) ou en N0 2 ~ (50, 100, 400, 800, 1000 /xM) apres 
une incubation de 72 heures a 30°C (TL223 ensemencee a 
1 % dans un milieu YEL) . 

Les echantillons a analyser ont ete distribues 
dans des tubes d' analyse de NO dont 1' atmosphere a ete 
imm£diatement evacuee par un flux d'helium (flush a l'he- 
lium) pendant 150 s afin d'obtenir des conditions anaero- 
bies strictes. 

L'effet du flush a 1' helium sur une eventuelle 
detection de NO par le spectrometre de masse a ete teste 
sur un milieu YEL sterile : ce milieu YEL, pr£alablement 
flush§ & 1 'helium, a ete incube £ 30°C pendant 72 heures. 
Apres 0, 24, 48 et 72 heures d' incubation (3 repetitions) 
on n'a detecte aucune production de NO et les valeurs de 
turbidite sont restees nulles. 

On a ainsi pu verifier la qualite du flush a 
1' helium, 1' absence de toute contamination bacterienne et 
1' absence d' interaction entre le flush a 1' helium et la 
mesure de NO par spectrometrie de masse. 

Les essais susmentionnes ont permis d'obtenir les 
resultats rapportes sur la figure 8, en ce qui concerne 
la cinetique d' accumulation du NO en presence de nitrite 
ou de nitrate. 

Plus precisement : 
- la figure 8A represente les variations de 1' accumula- 
tion de NO en fonction du temps, 
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- la figure 8B repr6sente les variations de la turbidite 
en f one t ion du temps, 

- la figure 8C represente les variations du rapport iso- 
topique [masse 31/ (masses 30+31)] en fonction du temps, 

- la figure 8D represente les variations de la production 
de NO en fonction de la turbidite. 

Chacune de ces figures concerne la souche TL223 

cultivee sur un milieu YEL seul, en presence de 1 mM de 

15 - 14 - 

nitrate ( N0 3 . - marque a 50 % et N0 3 ) et en presence 

de 1 mM de nitrite. 

Les barres verticales representent ± l'ecart type 
de la moyenne pour n = 3 lorsqu'elles sont plus grandes 
que le symbole. 

Ces figures prouvent que 1' accumulation de NO 
chez TL223 cultive sur 1 mM de KN0 3 (marque a 1' azote 15 
ou non marque) ou sur 1 mM de KN0 2 est proche de 7 fig de 
NO/ml apres 48 heures d' incubation a 30°C ; cette valeur 
est 3,5 fois superieure a la production de NO dans le cas 
d'un milieu YEL non supplements en nitrate ou en nitrite 
(figure 8A) . Ces differences ne sont pas dues a des va- 
riations de croissance engendrees par la composition du 
milieu car la turbidite en fin de croissance, est du meme 
ordre de grandeur sur un milieu YEL seul (4,5 unites DO 
apres 72 heures) et sur un m§me milieu additionne en ni- 
trate ou en nitrite (environ 5 unites DO aprds 72 heures 

- figures 8B et 8D) . 

15 

La figure 8C r£vele que l'apport de K N0 3 marque 
a 50 % permet d'obtenir du NO avec un marquage & environ 
40 % apres 48 heures d' incubation : 1' azote de masse 15 
apporte sous forme de nitrate est done retrouve dans le 
NO synthetise par la souche TL223. 

On a, en outre observe que lorsque la souche 
TL223 est cultivee sur K 15 N0 3 , le profil du pic de masse 

15 16 

31 ( N 0) augmente tr6s fortement par rapport au NO 
analyse sur un milieu YEL contenant du nitrate non mar- 
que, ce qui permet de confirmer cette situation. 

De plus, 1' addition de 1 mM de KN0 3 ou de KN0 2 
non marque entraine une production de NO avec un rapport 
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isotopique de 0,75 % (48 heures d' incubation - figure 
8C) , ce qui est tres proche des valeurs du rapport isoto- 
pique naturel du NO (environ 0,4 %) . 

Ces dernieres observations confirment de maniere 
tres claire que le gaz analyse en spectrom§trie de masse 
etait bien du NO. 

Ces essais ont done permis de constater que la 
souche TL223 est capable de synthStiser du NO directement 
a partir de nitrite ou en presence de nitrate apres re- 
duction de celui-ci en nitrite. 

Sur la base des valeurs du rapport isotopique ob- 
tenues sur milieu YEL addition^ de 1 mM de K 15 N0 3 marque 
& 50 %, il est possible de dSduire le taux de conversion 
du nitrate en nitrite : ainsi, environ 20% du K 15 N0 3 ap- 
porte est transform^ en monoxyde d* azote par la souche 
TL223. 

Le nitrate, initialement present dans le milieu 
YEL sterile, explique" la production de NO observee chez 
TL223 (de l'ordre de 2 /xg de NO/ml apres 72 heures d 1 in- 
cubation - figure 7) . 

Les variations de la production de NO en fonction 
de la concentration en nitrite ou en nitrate sont repre- 
sentees sur la figure 9. Plus prgcisement : 

- la figure 9A represente les variations de la production 
de NO et devolution de la turbidite en fonction de la 
concentration initiale en nitrate, chez la souche TL223 
cultivee sur milieu YEL apres 72 heures d' incubation, 

- la figure 9B represente les variations de la production 
de NO et 1' evolution de la turbidite en fonction de la 
concentration initiale en nitrite, chez la souche TL223 
cultivee sur milieu YEL apr£s 72 heures d' incubation, 

- la figure 9C represente les variations du taux de con- 
version du nitrate en NO, en fonction de la concentra- 
tion initiale en nitrate, 

- la figure 9D represente les variations du taux de con- 
version du nitrite en NO, en fonction de la concentra- 
tion initiale en nitrite. 
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Sur ces figures, les concentrations en nitrate 
ont ete corrig6es en tenant compte de la presence 
d' environ 50 jxM de nitrate dans le milieu YEL seul et 
sont les suivantes : 100, 150, 350, 550, 650 et 1050 fM. 

Les concentrations en nitrite sont les suivan- 
tes : 50, 100, 400, 800 et 1000 fiM. 

Ces figures montrent que pour les gammes choi- 
sies, la production de monoxyde d' azote par la souche 
TL223 est proportionnelle a la concentration initiale en 
nitrate (figure 9A) ou en nitrite (figure 9B) du milieu 
YEL. Cette relation est linSaire. 

Dans les deux cas, aucune phase de plateau n'a 
et§ observ£e, ce qui laisse supposer que les concentra- 
tions en nitrate ou nitrite utilisees ne permettent pas 
d'obtenir le niveau maximum d' accumulation de NO par la 
bacterie propionique TL223 . 

II est egalement a noter que la presence de for- 
tes concentrations en nitrate ou en nitrite n'affecte pas 
la croissance bacterienne vu que les valeurs de turbidite 
a 72 heures sont tres proches pour toutes les concentra- 
tions qui ont 6t§ testees. 

II convient, par ailleurs, de souligner que les 
droites obtenues sur les figures 9A et 9B sont superposa- 
bles, ce qui permet de prouver que le NO produit provient 
directement du nitrite ou du nitrate via la reduction de 
celui-ci en nitrite. 

De plus, ces rSsultats montrent que chez la sou- 
che TL223 , 1 ' 6tape de reduction du nitrate en nitrite 
n'est pas limitante pour les concentrations en nitrate 
choisies dans cette experimentation. 

II est egalement important de souligner que le 
taux de conversion du N0 3 (figure 9C) et du N0 2 (figure 
9D) evolue en fonction de la quantite de substrat dispo- 
nible, passant de 20 a 60 % lorsque la concentration en 
N0 3 ou N0 2 passe de 1000 a 100 j*M. 

Ceci suggere que la production de NO est forte - 
ment regul€e et qu'elle est prioritaire par rapport a 
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1' utilisation de 1' azote nitrique pour les syntheses azo- 
tees. 

A partir des conclusions susmentionnges, on a 
etudi<§ la production de NO chez 12 souches de bacteries 
propioniques de deux especes differentes. Les risultats 
de ces essais sont resumes ci-dessous : 

6 - Etude de la production de NO chez differentes souches 
propioniques 

Conf ormement a cet essai, les souches de bacte- 
ries propioniques retenues ont 6t6 les suivantes : 
P.freudenreichii : LS410, LS2501, LS2502, ITG 23, CNRZ89 , 

CNRZ277, CNRZ81. 
P.acidipropionici : TL223, NCDO1072, PR75, CNRZ80, 

CNRZ86, CNRZ287 . 

II est a noter que les souches CNRZ80 , CNRZ81, 
CNRZ86, CNRZ89, CNRZ277 et CNRZ287 appartiennent a la 
collection publique INRA-CNRZ tandis que la souche 
NCDO1072 appartient a la collection britannique National 
Collection of Dairy Organisms ; les autres souches appar- 
tiennent quant a elles a des collections privees. 

Apres ensemencement sur milieu YEL en presence de 
550 /iM de nitrate, les cultures bacteriennes ont imm€dia- 
tement ete rSparties par 5 ml dans des tubes Stanches et 
flush^es a 1' helium (conditions anaerobies) . Ensuite, les 
souches propioniques ont ete soumises aux conditions ex- 
perimentales suivantes : 

• incubation a 30 °C pendant 24, 48 et 72 heures, 

• 3 repetitions, 

• accumulation du NO dans 1 ! atmosphere et determination 
du rapport isotopique par spectromStrie de masse, 

• estimation de la fermentation de chaque culture mesuree 
par lecture de l ! absorbance k 650 nm, 

• dosage du nitrate et du nitrite apres recuperation des 
milieux bacteriens, centrif ugation et mesure par kit 
Boerhinger . 

La figure 10 represente les variations de 
1' accumulation de NO en fonction du temps chez la souche 
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TL223 et les 12 autres souches de bactgries propioniques, 
cultivees sur un milieu YEL en presence de 550 /iM de ni- 
trate. La souche TL223 a §te representee dans chaque cas 
dans un but de comparaison. 

Les barres verticales representent ± l'ecart type 
de la moyenne pour n=3 lorsqu'elles sont plus grandes que 
le symbole . 

Cette figure montre 1' existence de fortes diver- 
gences entre les souches propioniques. 

De maniere globale, en comparant les niveaux de 
production de NO apres 72 heures d' incubation, on peut 
classer les souches en trois categories : 

• souches capables de produire de 4 a 4,5 /xg NO/ml : 
TL223, CNRZ80 , NCDO1072 et PR75. Le rapport isotopique 
du NO produit par ces souches est compris entre 2 et 
2,5 % (T=72 h) , 

• souches capables de produire environ 2 /xg NO/ml : 
CNRZ81, CNRZ86, CNRZ89 , CNRZ277, LS2502, ITG23 . Le rap- 
port isotopique du NO produit par ces souches se situe 
entre 4 et 5,5 % (T=72 h) , 

• souches produisant moins de 1 ixg NO/ml : LS410, LS2501 
et CNRZ287 . Malgrg la presence de 550 /zM de nitrate 
dans le milieu de culture, ces 3 souches n'ont produit 
que de tres f aibles quantites de NO et le rapport iso- 
topique etait de l'ordre de 10 a 13 % (T=72 h) . Ces va- 
leurs suggerent que les pics de masses 30 et 31 
d§tectes chez ces bact£ries pourraient ne pas corres- 
ponds a du monoxyde d' azote. 

II est a noter que chez les souches appartenant 
aux deux premieres categories, le NO produit ne diminue 
pas en fin de croissance et qu'il ne semble done pas re- 
utilise par les bacteries propioniques : il y a done ac- 
cumulation du NO. 

La figure 11 represente les variations de la pro- 
duction de NO en fonction de la turbidity chez les 
13 souches de bacteries propioniques susmentionn6es , cul- 
tivees sur milieu YEL en presence de 550 lxM de nitrate. 
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la souche TL223 a et§ representee dans chaque cas dans un 
but comparatif. 

Les barres verticales representent ± l'ecart type 
de la moyenne pour n=3, lorsqu'elles sont plus grandes 
que le symbole. 

La figure 12 represente les variations de la tur- 
bidite (DO a 650 nm) en fonction du temps chez les 
13 souches de bacteries propioniques analysees, cultivees 
sur milieu YEL en presence de 550 fM de nitrate. 

La souche TL223 est representee, dans chaque cas, 
dans un but comparatif. 

Les barres verticales representent l'ecart type 
de la moyenne pour n=3, lorsqu'elles sont plus grandes 
que le symbole. 

Les souches produisant le plus de NO (TL223, 
CNRZ80, NCDO1072 et PR75) atteignent toutes des valeurs 
de turbidite elevees (4 a 5 unites DO apres 72 heures 
d' incubation. 

Parmi ces souches, il est a noter que les bacte- 
ries NCDO1072 et PR75 croissent moins vite que TL223, 
mais sont capables d'accumuler tres rapidement de fortes 
concentrations en NO. 

Ainsi, PR75 produit 2,8 /*g de NO/ml pour une tur- 
bidite de 0,5 unites DO. Le maximum de production de NO 
est enregistre pour des valeurs de turbidite d' environ 
1,5 unite DO pour NCDO1072 et PR75, contre 3,4 unites DO 
pour TL223. 

Pour « af finer » ces r£sultats, on a analyse 
Involution des concentrations en NO, nitrate et nitrite 
des milieux de culture des 13 souches de bacteries pro- 
pioniques etudiees en fonction du temps d' incubation. 

Les resultats obtenus sont rassembles dans le ta- 
bleau ci-dessous dans lequel les concentrations sont* ex- 
primees en /xM. Pour chaque souche, les mesures ont ete 
effectuees sur un tube, apres elimination des bacteries 
par centrif ugation. 
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Ce tableau permet de faire les constatations 
suivantes : 



5 - les souches produisant 4 /xg NO/ml sont capables de re- 

duire entierement le nitrate disponible (soit 550 jiM) 
apres 24 heures d' incubation. De plus, elles peuvent 
reduire totalement le nitrite obtenu au cours des 
48 premieres heures d 1 incubation 
10 - les souches LS410 et CNRZ287 , tres faibles productrices 

de NO, ne sont pas. capables d' absorber significative- 
ment le nitrate present dans le milieu. 
- chez les souches presentant une accumulation interme- 
diaire de NO, on peut observer des evolutions des te- 
15 neurs en nitrate et en nitrite tres differentes 

traduisant des vitesses d 1 absorption du N0 3 et/ou de 
reduction du N0 3 et du N0 2 tres differentes. Ainsi, 
la souche CNRZ81 est capable de reduire la totalite du 
nitrate apres 24 heures d' incubation. Apres 48 heures, 
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CNRZ81 realise egalement la reduction de 1" ensemble du 
N0 2 obtenu par reduction du N0 3 ~. A l'oppose, CNRZ277 
possdde encore 246 fxM de N0 3 " et 85 fiM de N0 2 " apres 
72 heures d' incubation. 
5 Les essais resumes ci-dessus ont revele que cer- 

taines souches propioniques sont capables de riduire le ni- 
trate du milieu de culture et de fournir ainsi le nitrite 
necessaire a la synthese de NO. 

II est a noter que les souches propioniques qui 
10 produisent le plus de NO (TL223, CNRZ80, NCDO1072 et PR75) 
appartiennent toutes a l'espece P.acidipropionici et posse- 
dent, en outre, toutes une activite nitrate reductase. 

A 1' inverse, les souches produisant apparemment 
moins, voire pas du tout, de NO (limite de detection du spec- 
15 trometre de masse) sont Egalement des bact§ries qui ne posse - 
dent pas d' activity nitrate reductase connue (LS410, LS2501 
et CNRZ287) . 

Pour certaines souches propioniques, il semble 
que la cin£tique de production de NO ne soit pas directement 
20 liee £ 1' activite nitrate reductase. 

Compte tenu de ces rSsultats, 1' invention se rap- 

porte egalement a une composition dietetique ou medicamen- 

teuse absorbable, caract^risee en ce qu'elle est constitute 

par une preparation renfermant une quantity importante de 

9 

25 preference plus de 10 cellules/g, de souches de bacteries 
propioniques select ionnees en fonction de leur capacity S d6- 
gager et/ou & accumuler du monoxyde d' azote a raison d'au 
moins 1 /zg/ml de milieu YEL contenant 550 /xM de nitrate. 

Selon une autre caracteristique de 1' invention, 

30 cette composition renferme des bacteries propioniques appar- 
tenant a au moins 1'une des souches TL223, CNRZ80, CNRZ86 et 
NCDO1072 de l'espece P.acidipropionici. 

Parmi ces souches, la souche TL223 s'est rev§l£e 
particulidrement avantageuse. 

35 II est egalement £ noter que la souches CNRZ80 

presente un interet tout particulier d'un point de vue 
« productivity » vu qu'elle est capable d' accumuler une con- 
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centration importante de NO, ce tres rapidement (pour des va- 
leurs de turbiditS relativement faibles) . 

Selon une autre caractgristique de 1' invention, 
cette composition renferme des bact£ries propioniques appar- 
5 tenant a au moins 1'une des souches ITG23, CNRZ81, CNRZ89, 
CNRZ277 et LS2502 de l'espece P.freudenreichii. 

II est a noter que, conf ormement a une autre ca- 
racteristique de 1 ' invention, la composition peut egalement 
renfermer d'autres bacteries telles que des bif idobacteries 
10 et/ou des bactSries lactiques. 

Pour completer les resultats obtenus ci-dessus, 
on a effectue des tests sur deux types de bacteries non pro- 
pioniques : E.coli et Lactobacillus farciminis connues pour 
leur aptitude a reduire les nitrites. 
15 Les resultats de ces tests sont resumes ci- 

dessous : 

7 - Etude de la production de NO par les souches E.coli et 
L. farciminis 

20 Ces tests compl€mentaires ont principalement ete 

effectu§s compte tenu de 1' existence de la publication 
« Heme -dependent and heme -independent nitrite reduction by 
lactic acid bacteria results in different N-containing 
products x> Gudrun Wolf, Elke K. Arendt, Ute Pfahler and 

25 Walter P. Hammes - International Journal of Food 
Microbiology, 10 (1990) 323-330) qui mentionne que certaines 
bact§ries lactiques (L. farciminis) sont capables de produire 
du monoxyde d' azote a partir de nitrite. 

Des experiences preliminaires ont montre qu'apres 

30 5 h 30 de croissance de la souche L. farciminis dans du MRS 
additionne de 1 mM de nitrate, on ne detectait plus de ni- 
trate ni de nitrite dans le milieu de culture. 

La mSme constatation a ete faite en ce qui con- 
cerne la souche E.coli apres 7 h 30 de croissance sur milieu 

35 BHI additionne de 1 mM de nitrate. 

II est connu, qu'au cours de sa croissance, la 
souche L. farciminis acidifie le milieu MRS (environ pH 5 
apres 5-6 heures de culture) . 
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Or, on a pu constater, a partir d' essais realises 
sur milieu YEL, que les nitrites se transf orment en NO en mi- 
lieu acide. 

Ces essais ont §te realises dans les conditions 
5 experimentales suivantes : 

- acidification du milieu YEL par de l'HCl, 

- apport de nitrite a une concentration de 400 /iM, 

- autoclavage des milieux, 

- trois repetitions. 

10 Les rgsultats obtenus sont rassembles sur la fi- 

gure 13 qui repr6sente les variations en fonction du pH de la 
production de NO dans le milieu YEL additionnS de nitrites 
apres incubation a 37°C pendant 24 heures. 

Cette figure est de nature a prouver qu'il existe 
15 une production notable de NO a partir du nitrite du milieu 
lorsque celui-ci est acide, cette production augmentant lors- 
que le pH diminue. 

Par suite, on a effectue des tests comparatifs de 
la production de NO par L.farciminis et par E.coli qui est 
20 r6putee non product rice de NO (Brittain T, Blackmore R, 
Greenwood C & Thomson AJ (1992) - Bacterial nitrite - redu- 
cing enzymes - Eur. J. Bio. Chem., 209, 793-802). 

Ces tests ont 6t6 realises dans les conditions 

suivantes : 

25 - incubation a 37°C sur milieu BHI (E.coli) ou MRS 
(L.farciminis) , 

- apport de nitrate dans le milieu a une concentration de 
1 mM, 

- flushage de 1' atmosphere de chaque tube par de 1' helium 
30 pendant 100 secondes, 

- trois repetitions, 

- mesure de la turbidity en fin d' incubation. 

Ces essais ont permis d'obtenir les r£sultats 
rapportes sur la figure 14. 
35 Plus precisSment : 

- la figure 14A repr^sente les variations de la production de 
NO en fonction du temps d' incubation, 
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- la figure 14B represente les variations de la production de 
NO en fonction de la turbidite du milieu, 

II est a noter que les valeurs obtenues pour la 
production de NO sont toutes nettement inferieures au seuil 
5 de 1 Mg/ml qui a ete considere ci-dessus comme significatif : 
il en r§sulte qu'il n'y a pas accumulation de NO dans les tu- 
bes de culture. 

Ces resultats indiquent done que 1' absence de ni- 
trate et de nitrite observee dans 1' experience preliminaire 
10 apres respectivement 5 h 30 (L. f arciminis) et 7 h 30 (E.coli) 
n'est pas compens€e par une accumulation de NO qui pourrait 
§tre soit d'origine chimique (liee a 1' acidification du mi- 
lieu) soit d'origine bacterienne . 

Ces rSsultats ont 6te, dans le cas de la souche 
15 L.f arciminis, confirmes par des tests effectues sur des bac- 
teries se trouvant sous forme de resting cells & pH regul§ & 
6,5 par un tampon phosphate contenant du lactate dans les 
conditions operatoires suivantes : 

- incubation a 37 °C, 

20 - apport de nitrite a une concentration de 400 /xM, 

- flushage de 1' atmosphere de chaque tube par de 1' helium 
pendant 100 secondes, 

- trois repetitions, 

- mesure de la turbidite en fin d' incubation. 

25 Cette analyse a permis d'obtenir les resultats 

rapportSs sur la figure 15 : 

- la figure 15A represente les variations de la production de 
NO en fonction du temps d' incubation, 

- la figure 15B represente les variations de la production de 
30 NO en fonction de la turbidite. 

Ces resultats confirment ceux obtenus precedem- 
ment, a savoir que les quantit§s de NO produites sont trop 
faibles pour etre signif icatives et done que la souche 
L.f arciminis n'est pas susceptible d'accumuler le monoxyde 
35 d' azote. Il est toutefois possible que cette souche produise 
du monoxyde d' azote en debut de croissance, mais que le NO 
eventuellement produit soit reutilise par la bacterie. 
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Des essais complementaires ont ete realises sur 
les souches TL223 et CNRZ80 sous forme de resting cells apres 
incubation a 30 et 6galement a 37°C. 

8 - Evolution de la production de NO par des bacteries pro- 
pioniques sous forme de resting cells 

Cette experimentation a 6te effectuee dans les 
conditions suivantes : 

- resting cells suspendues dans un tampon phosphate contenant 
du lactate a pH 6,5, 

- incubation a 30°C ou & 37°C, 

- apport de nitrite a une concentration de 400 /iM, 

- flushage de 1' atmosphere de chaque tube par de 1' helium 
pendant 100 secondes, 

- trois repetitions, 

- mesure de la turbidite en fin d' incubation. 

II est a noter que lors des tests relatifs a 
1' incubation a 30°C, on a examine, outre les souches TL223 et 
CNRZ80, la souche CNRZ81 avec une concentration bactSrienne 
doublee . 

Cette experimentation a permis d'obtenir les re- 
sultats rapportes sur les figures 16 et 17. Plus precise- 
ment : 

- la figure 16A repr^sente les variations de la production de 
NO par des resting cells a 30°C en fonction de la dur£e 
d' incubation, 

- la figure 16B reprSsente les variations de la production de 
NO par. des resting cells a 30°C en fonction de la turbidit§ 
du milieu, 

- la figure 17A reprSsente les variations de la production de 
NO par des resting cells a 37°C en fonction de la duree 
d' incubation, 

- la figure 17B represente les variations de la production de 
NO par des resting cells a 37°C en fonction de la turbidite 
du milieu. 

Ces resultats sont de nature a prouver qu'il 
existe une production consequente de NO par des resting cells 
non seulement dans le cas des deux souches de l'espece 
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P.acidipropionici (TL223 et CNRZ80) mais egalement dans le 
cas de la souche de l'espece P. freundenreichii (CNRZ81) . La 
souche TL223 est la plus productive. 

Globaleraent , a des concentrations identiques de 
bacteries, la production de NO par des resting cells est du 
meme ordre que celle observee dans le cas de bacteries culti- 
vees sur milieu YEL. 

La production de NO par des resting cells inter- 
vient essentiellement lors des cinq premieres heures 
d' incubation ; au-dela de cette periode, la production est 
faible. 

On a ainsi pu observer qu'a 37°C / la production 
de NO est identique (TL223) ou legerement sup6rieure (CNRZ80) 
£ celle obtenue a 30°C. 

Les avantages associes a 1' ingestion de bacteries 
propioniques ont, en outre, ete verifies par des investiga- 
tions realisSes in vivo chez l'homme sain. 

9 - Etude de l'effet de 1' ingestion de bacteries propioniques 
sur le transit intestinal chez l'homme sain 

Cette §tude a ete realisee en milieu hospitalier 
au CHU de Caen sur une serie de 19 sujets masculins vo- 
lontaires sains. 

Au d£but de ce test, on a fait absorber quoti- 
diennement £ chaque volontaire 10 marqueurs radio opa- 
ques, ce pendant 8 jours consecutifs, conformement au 
protocole decrit dans les publications Arhan P, Devroede 
G, Jehannin B et coll. Die Colon Rectum 1981 ; 24:625-9. 
et Bouchoucha M, Devroede G. Arhan P et coll. Dis Colon 
Rectum 1992 ; 35:773-82. 

Selon ce protocole, 1' etude du transit est effec- 
tuee par comptage des marqueurs radio opaques ingeres 
dans les differentes aires de la cavite abdominale repar- 
tis sur un cliche d' abdomen de face. Ces aires (c61on 
droit, colon gauche et rectosigmoide) sont definies par 
des lignes f ictives joignant la 5 vertebre lombaire 
au contour de la cavit§ pelvienne. Le temps de transit 
est calcule selon la formule T = 1/N . n . At ; N etant 
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6gal a 10 marqueurs, n representant le nombre de mar- 
queurs compt£s dans une region et At etant egal a 
24 heures . 

Le jour suivant cette ingestion, c'est-a-dire le 
9 1&ne jour, on a fait subir aux volont aires une radiogra- 
phic de 1' abdomen de face sans preparation. 

A partir du jour suivant, c'est-a-dire du 
10 ieme jour, on a fait ingerer quotidiennement a chaque 
volontaire, ce pendant 2 semaines, une g§lule contenant 
5 10 10 bacteries propioniques issues d'une banque de sou- 
ches utilisSes dans l'industrie fromagere, done parfaite- 
ment inoffensives pour 1'homme. 

Une seconde etude du temps de transit similaire a 
la premiere a ete effectu£e durant la seconde semaine 

d' ingestion des propioniques, c'est-a-dire du 17 au 

ieme . 
26 3 our. 

Cette 6tude a revele un ralentissement significa- 
tif du temps de transit du colon gauche (p < 0,05 confor- 
mement au test statistique Wilcoxon Matched- Paired 
Signed-Ranks Test.) ; les temps de transit du colon droit 
et du rectosigmoide n'ont pas ete signif icativement modi- 
fies par 1' ingestion des propioniques. 

Cette etude a done permis de prouver que 1' inges- 
tion de bacteries propioniques a une influence sur la mo- 
tricitS intestinale ; on peut supposer que ces resultats 
sont lies a la synthese de monoxyde d' azote par les bac- 
teries propioniques. 
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REVENDICATIONS 
1°) Utilisation de bacteries propioniques pour l'obtention 
d'une composition d' alimentation courante ou d'une composi- 
tion dietetique ou medicamenteuse absorbable susceptible de 
5 dtgager des quantites physiologiquement signif icatives de mo- 
noxyde d' azote dans le tube digestif humain ou animal. 

2°) Utilisation selon la revendication 1, 
caracttrisee en ce que 
10 la composition est constitute par une preparation deshydra- 
tte. 

3°) Utilisation selon la revendication 2, 
caracterisee en ce que 
15 la composition se presente sous forme de fractions indivi- 
duelles renfermant la dose de bacteries devant etre absorbee 
regulierement . 

4°) Utilisation selon la revendication 3, 
20 caracterisee en ce que 

9 

chaque fraction individuelle renferme plus de 10 bacteries. 

5°) Utilisation selon la revendication 1, 
caracterisee en ce que 
25 la composition est constitute par une preparation liquide 
fermentte ou non. 

6°) Utilisation selon la revendication 1, 
caracterisee en ce que 
30 la composition est une preparation elaborte, les bacteries 
propioniques etant ajoutees ou incorportes dans des aliments 
tels que des fromages ou des fibres alimentaires . 

7°) Composition dietetique ou medicamenteuse absorbable, 
35 caracterisee en ce qu' 

elle est constitute par une preparation renfermant une quan- 

9 

tite importante de preference plus de 10 cellules/g de sou- 
ches de bacteries propioniques stlectionnees en fonction de 
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leur capacite a degager et/ou a accumuler du monoxyde d' azote 
a raison d'au moins 1 /zg/ml de milieu YEL contenant 550 /iM de 
nitrate . 

5 8°) Composition selon la revendication 7, 
caracterisee en ce qu' 

elle renferme des bacteries propioniques appartenant a au 
moins l'une des souches TL223, CNRZ80, CNRZ86 et NCDO1072 de 
l'espece P.acidipropionici. 

10 

9°) Composition selon la revendication 8, 
caracterisee en ce qu' 

elle renferme des bacteries propioniques appartenant a la 
souche TL223 de 1'espdce P.acidipropionici. 

15 

10°) Composition selon la revendication 8, 
caracterisee en ce qu' 

elle renferme des bacteries propioniques appartenant a la 
souche CNRZ80. 

20 

11°) Composition selon la revendication 7, 
caracterisee en ce qu' 

elle renferme des bacteries propioniques appartenant a au 
moins l'une des souches ITG23, CNRZ81, CNRZ89, CNRZ277 et 
25 LS2502 de l'espece P.freudenreichii. 

12°) Composition selon l'une quelconque des revendications 7 
si 11, 

caracterisee en ce qu' 
30 elle renferme en outre d'autres bacteries telles que des bi- 
f idobacteries et/ou des bacteries lactiques 
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